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♦ Each session chair(s) should: 

• Coordinate with their co-chair 

• Develop and show an agenda 
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Airframe/TPS 



♦ Identification of Airframe Issues and Critical Technology 
Development Requirements- STAS Reports/Internal NASA 


a. 

as 

E 

"D 

(0 

O 

= a: 

i i 

o w 
!2 o £ 
® ™ ■— 
c < 

1 s> 

S -S os 

- » = 
c +- <D 

2 ®o 

| 'o -o 
LU CL CM 


a 

E 

o 

o 

ir c 
< o 

C JB 
O 05 

0 £ 
D£ = 

1 T3 
(0 C 

C 2 

CD C 

E ■- 

I $ 

LU Q 
M- 0) 

o E 

5 2 

.2* 

> < 
v r 


W 

E ■» 

1 -2 

"O (Q 

I s 

E "o 

5 S 

? I 

< 5 

2 g 

0) £ 

< CO 


Introduction 2nd Gen RLV Airframe 



♦ Range of concepts considered incluude - SSTO, TSTO, 
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STAS/Internal NASA Assessments 


Based on Historical data for 
New Space Transportation Systems 
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Weight Growth and Weight Margin 
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Airframe Requirements Flowdown 









roject Management 



00 

1 

S 




2nd Gen Airframe Project 






Airframe Design and Integration Tanks 
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Element Managers 


Airframe Project - Sharon Welch 
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Airframe/TPS Roadmap 



Quick TPS Inspection 
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AIRFRAME DESIGN AND INTEGRATION 



♦ Integrated Design Tools and Methods 
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AIRFRAME DESIGN AND INTEGRATION: Major Areas 



♦ Decompose operational, safety, and cost requirements into a 
comprehensive and consistent set of design criteria for different 
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AIRFRAME INTEGRATION TRADE 

GENERAL OBJECTIVES 








Airframe/TPS 



♦ John T. Dorsey Airframe Integration & Concepts, Vehicle Loads, 

Weights (Studv Lead, NRA 8-21) 
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Airframe / TPS 

TRADE STUDY TEAM 



♦ Tank Packaging and Geometry 
• Packaqinq confiqurations 
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PACKAGING CONFIGURATIONS 







Material Specifications • Load Cases 

- Quasi-isotropic PMC laminates - Launch (1 .355 g’s) 

- Limit strain 6000 pin./in. - Max acceleration (3 g’s) 

- Minim um gage 
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CONFIGURATION SIZING 




LH2 Tank Geometry 



TANK GEOMETRY TRADE STUDIES 



Axial Tension Webs Frames & Ties Orthogrid & Ties 



TANK STIFFENING CONCEPTS CONSIDERED 




Comer radius = 0.635 m 
Pressure = 137.9 KPa 



Airframe/TPS 

TANK STIFFENING WEIGHTS COMPARISON 




Intertank 




Airframe / TPS 

SEMI-CONFORMAL SANDWICH TANK SYSTEM: FEM FOR SIZING 

(In Progress) 




Rohr X-33 Concept LaRC-Type TPS Panels with LaRC-Type TPS Panels 

(baseline) Lattice Seal & Support Frames Mounted to Carrier Plates 



TPS TRADE STUDY CONCEPTS 
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REPRESENTATIVE STRUCTURAL CONCEPTS 
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CONCLUDING REMARKS 



Airframe/TPS - Aerothermodynamics 

Aerothermodynamics 



Thermal Protection Operations 
System 

Airframe/TPS - Aerothermodynamics 

Aerothermodynamics Provides 
Critical - Path Information 




Airframe/TPS - Aerothermodynamics 

Aerothermodynamic Process 
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Airframe/TPS - Aerothermodynamics 

Aerothermodynamic Methodology 






Aerothermodynamic 

customer 



Airframe/TPS - Aerothermodynamics 

Aerothermodynamic "Chain” 



Low Earth 
Orbit 









Airframe/TPS - Aerothermodynamics 

Testing Techniques 




Airframe/TPS - Aerothermodynamics 

Phosphor Thermography Process 







Surface Heating Forces and Moments 












Wind 






Boeing 
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Aerothermodynamic process 
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Airframe/TPS - Aerothermodynamics 

Future Plans 





Review of X-33 Hypersonic Aerodynamic and Aerothermodynamic 
ievelopment”: ICA-0323 
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2nd Gen Airframe/TPS - Structures and Materials: 


2nd Generation RLV Airframe 
Structures and Materials 
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2nd Gen Airframe/TPS - Structures and Materials: 

Structures and Materials 


♦ Goals and Objectives 
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2nd Gen Airframe/TPS - Structures and Materials: 

Presentation Outline 



♦ Develop and demonstrate verified airframe and cryotank 
structural design and analysis technologies 
• Damage tolerance, safety, reliability and residual 
strength technologies 
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♦ Develop and demonstrate robust airframe structures and 
validated integrated airframe structural concepts 
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♦ Plans developed for all structures and materials technology 
tasks work is being initiated 
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Maximum Principal Strain Plots 



Multi-Lobed Tank Nonlinear Analysis 




High Fidelity Nonlinear Analysis 








Objective: Develop verified high 
fidelity analysis tools to reduce 
dependence on tests 
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2nd Gen Airframe/TPS - Structures and Materials: 

pplying Advanced Methods for 
Residual Strength Predictions 





Tension-loaded composite plate with a cutout 
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Distributed Fiber-Optic (F/O) Sensing for Structures IVHM 











Capabilities: 

Loads 

• Bi-axial tension is applied 
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2nd Gen Airframe/TPS - Structures and Materials: 

Thermal/Mechanical Tension Test 


CHRADER PH-2 ACTUATOR 
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Element 



Materials in Structural Applications 



♦ NASA’s Thermal Protection System (TPS) Technologies 

• RLV Focused Projects 
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Space Transportation Technology Workshop - Airframe Section 

TPS Technologies & Capabilities 



♦ Constituents and Fabrication Techniques for 
Metallic TPS - LaRC 

• Advanced joining techniques 

• Surface property characterization 
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Space Transportation Technology Workshop - Airframe Section 

RLV Focused Project of the ASTP 



♦ Durability 

• TUFI & White TUFI on AETB Ceramic Tiles - ARC 


GRC 
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Space Transportation Technology Workshop - Airframe Section 

Recent or Emerging Technologies 



♦ Higher Temperature Capability 

• Ultra-High Temperature Ceramics - ARC, GRC, LaRC 
- including Zr & Hf based ceramic composites 
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Material Develop. 
& Char. Labs 






c 

0 

J5 



0 

<D 

0 


1_ 

CO 

CD 

E 

« 

0 

4_f 

0 

P 


0 

*T 0 

M— 

0 

!fc 

a 

O 0 

•— 

< = 
— .Q 

c 

CD 

L_ 

H 

& 

■s 

a 

< 

2 0 

>> 

•i£ 


£ Q- 

D) 



.2 0 

O 

I 

c 

0 O 
Z .co 

O 

C 

£ 

O 

O 

Q) 

e 

O) £ 
c ^ 

■p 0 

O 

0 

1- 

c 

-c 

0 

fi 

C 

a 

l< 

0 ^ 

"D 

C 

0 

c 

.0 

•is 

CD 

0 

© 

O Q 

c 

g 

O 

8* 

> 


SZ CO 
O _Q 
CO CO 

2 -J 

Q. 

Q. 


O . 
*= CO 
.2 0 
O) 

0 o 

c 03 


0 

S_ 

o 

_Q 

0 


5 - 0 ° 

< c O 

c 

0 .o 

f > 

Q. 0 

O Q 

CO 

^ 0 

k - ^ 
■ 50 ^ 

^00 


O 

0 

i_ 

0 
-*— > 

C 


0 

> 

*0 

C 

0 

X 

LU 


c 

£ 

CD 

|<o 

w Q. 



♦ Materials Development & Characterization Laboratories 

- ARC, GRC, JSC, LaRC 
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Space Transportation Technology Workshop - Airframe Section 

Material & Analytical Capabilities 



http:/Apsx. arc.nasa. gov 

♦ TPSXis an engineering design tool that provides material property and 
performance data on a variety of thermal protection system materials. 
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TPSX Web Edition TPSX Windows Program 

Space Transportation Technology Workshop - Airframe Section 

Thermal Protection Systems Expert & Material 

Property Database 


♦ Arc Jets 
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Space Transportation Technology Workshop - Airframe Section 

Test Facilities 



INTEGRATED AIRFRAM 
DEMONSTRATIONS 
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Space Transportation Technology Workshop 

HOT STRUCTURE COMPONENTS FOR 

POTENTIAL FLIGHT DEMO 




Objective 

- Develop and verify the technology required for application of minimal 
weight control surfaces that meet NASP vehicle requirements 
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Objectives 

- Develop and validate C/SiC control surfaces for the X-37 
■ Deliver 2 flight approved flaperons and 2 moveable ruddervators 
for installation on the flight vehicle 
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CONTROL SURFACES 

X-37 FLIGHT COMPONENTS 






Material property and sub-element (RT - 2800°F) 
Subcomponent (RT) 

Full scale thermal/structural test component 
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Status 

- Design, analysis, and fabrication validated through thermal/structural 
tests and analysis of large full-scale segment of C/C control surface for 
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CONTROL SURFACES 

STATUS & ISSUES 



Hot Structures Control Surfaces 
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Design and fabricate large full-scale C/C or CMC 
control surface component for Space Shuttle or 
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CONTROL SURFACES 

POTENTIAL TASKS FOR FLIGHT DEMO 



♦ 12:45 - 1 :00 Introduction 2nd Gen RLV Airframe S. Welch 
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3rd Generation Airframe Technologies 



♦ Project Scope: 

• Develop and demonstrate 3rd generation airframe technologies that 
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Project Description 




Thermal Protection Systems Aero/Aerothermo Enhancement 

(ARC Lead) (LaRC Lead, No FYOO Funding) 

3rd Gen Airframe/TPS: 

Airframe Technology Elements 





Airframe Technology I TWG 

LaRC Lead 1- (Government 

David Bowles, Project Manager I & Industry) 
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Airframe Organization and WBS 












♦ Integrated Design & Analysis 

• Dr. James H. Starnes 


> 

o 

O) 

TO 

TO 

<0 

C 


to 

to 

■ MB 

to 

to 

S 

od 

</> 

0 ) 


o 

3 

3) g 

■= ° 
TO o 


00 (0 

4 ® 

(O C 

» s 

IO -J 


S E <0 


TO 


h- | 
TO S' 

5 5 ) 

O) «J 
TO Q 

C • 


> 

o 

O) 

TO 

(A 

TO 

C 

■ 

T“ O 
to »- 
Tf TO 

4® 

(O t 
00 O 
o 

(A 

in 

(A 


(A 

E 

TO 

TO 

CO 

c 

o 


o 

c 


> 

o 

o 

TO 

TO 

TO 

C 


TO 

O TO 

<j) (0 
O -i 

1° 


TO 

C 

TO 

E 

TO 

O 

C 

(0 

c 

LU 

O 

■ mam 

E 

TO 

C i_ 
TO 


o -n = 


~ w TO 
00 TO 

5 £ 

4@ 
© o 

CO c 

o » 
IO To 
tO (A 


E S 

t o 

TO 

_e TO 
£ TO 

°| 

O 


TO 
< 

O ^ 


TO Q » i2 £ O 

g • • • < • 


> 

O 

o> 

TO 

TO 

TO 

C 


a — 
“? @ 
s ® 

oo = 

pS 

IO Ui 

fc, 6 


co 

I 

5 

£ 

c 

Q) 

CD 

*5 

co 


Element Lead Contact Information 



Dave Bowles (Acting Chair), Project Manager, LaRC 

Jim Starnes, integrated Airframe Design Element Lead, LaRC 
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Top Level Budget Summary 



3rd Gen Airframe/TPS: 

Task Structure and Leads 



Contribute to the increased safety and 
reduce costs goals 

(loss of vehicle/crew <1 in 10 6 and $1 00/lb) 



otU G&n Alfft&me/TPS* 

Goals, Objectives, Challenges, Approaches 

















Reduced Cost ($1 00/lb) 

Increased Safety (LOC/LOV 1 in 10 6 ) 
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Contribute to lOOx cost reduction and 10, OOOx 
safety improvement goals 
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• First transition analysis com pi ete( 12/05) 

• Tools for rapid design reducing design 
cycle time by 40% (6/06) 

3rd Gen Airframe/TPS: 

Enhanced Aero/Aerothermo 
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♦ Overall Project Level Risks 

Objective: Develop and demonstrate 3rd generation airframe 
technologies that provide significant reductions in cost of space 
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♦ Solid Technical Plan in Place 
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♦ Focus on those activities that will be continued/built upon in FY01 

♦ Topics include 
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Integrated Design and Analysis 



♦ PMC Damage Tolerance & Repair 
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PMC Damage Tolerance and Repair 
Goals & Objectives 
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PMC Damage Tolerance and Repair 
Current Program Status 
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PMC Damage Tolerance and Repair 
Current Technical Status 
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PMC Damage Tolerance and Repair 
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PMC Damage Tolerance and Repair 

DEVELOPED NONLINEAR ANALYSIS METHOD FOR ACCURATELY 
DETERMINING IMPACT RESPONSE AND DAMAGE INITIATION 
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PMC Damage Tolerance and Repair 

APPROACH FOR DELAMINATION GROWTH VERIFICATION TESTING 
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PMC Damage Tolerance and Repair 
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♦ PMC Damage Tolerance & Repair 

• POC - Dr. Damodar R. Ambur/Dr. Tom S. Gates, NASA LaRC 
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Safe Structures Design Technologies 

MECHANICS TECHNOLOGY FOR PROGRESSIVE FAILURE ANALYSIS 
♦ Embed progressive failure criteria and material degradation models 
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Safe Structures Design Technologies 

COMPRESSION-LOADED POSTBUCKLING COMPOSITE PANEL 
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Safe Structures Design Technologies 

UNSTIFFENED PANEL LOADED IN PICTURE FRAME SHEAR 

Panel size: 12-in. by 12-in.; Thickness: 0.0896-in. 

Stacking sequence is [± 45/0/90] 2s > 

= 18.5 Msi, Ey> = 1.67 Msi, G 12 = 0.87 Msi, Failure Load: 
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Safe Structures Design Technologies 

EFFECTS OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIALCOMPRESSION RESPONSE 
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Safe Structures Design Technologies 

EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Contd.) 
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Safe Structures Design Technologies 

EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Contd.) 
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Safe Structures Design Technologies 

EFFECT OF MANUFACTURING UNCERTAINTIES ON 
COMPOSITE CYLINDER AXIAL COMPRESSION RESPONSE (Concluded) 

Map of Failure Region for Model 2 

ailure modes and damaqe region results obtained using Model 2 compare well with 
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Safe Structures Design Technologies 

NEAR-TERM PLANS 

♦ Conduct inplane shear tests on stiffened and unstiffened 
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3rd Gen Airframe/TPS: 

Int. Thermal Structures and Materials 



♦ Resins for transfer molding or infusion processing 
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High Temperature RLV Tank Concept 



O 

3 = 

</) ^ 

P- c n 


Q) 


C 

o 


3 ■= O 


O 0 

3 O 

4= =g 

</) JS 

c ^ 

o o 

9 “ °r 

3 O 
(0 


CO 

3 

CO 

c 


_co 

0 

C 0 

£ > 

'0 

E ® 

0 


2 

l- 

* 

LU 

LU 


■o 

0 

■Q 

0 


.2 W t 


o i- c 

0)0 5 
O cc fi 

LL 

o 



0 

"O 

0 

c 

0 

it 

0 

= = 

o co 

£ E 
^ 0 
C * 
0 LU 


0 

E 

> 

o 

Q_ 

15 

co 

O CD 

11 

rr O 

M o 



00 

I 

S 

c 

Q> 

CD 




Int. Thermal Structures and Materials 



♦ Resins for transfer molding or infusion processing 

• POC - Paul M. Herqenrother, NASA LaRC 
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Accomplishments, RTM/RI Resins 
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Chemistry of PETI-298 



O 



Comparison of PETI Oligomers Prepared 
From 1,3,3 ai^d 1,3,4-^PB 
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Photomicrographs of PETI-298 Laminates Fabricated 



Mechanical Properties of AS-4/PETI-298 Fabric Composites 
Fabricated Via Resin Transfer Molding (8 ply) 
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Mechanical Properties of IM-7 PETI-298 Stitched Composites 

Fabricated Via Resin Infusion (36 ply) 



PETI-298 cured 1 hr @ 370°C, postcured at 370°C, Tg = 338°C (Panel 36 ply x 22”x 22”, stitched) 

BMI 5270 cured 4 hr @ 190°C, postcured at 232 and 260°C , Tg = 299°C 
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♦ Resins for transfer molding or infusion processing 
• POC - Paul M. Heraenrother, NASA LaRC 
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Accomplishments, LaRC PETI -8 
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LaRC PETI-8 
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Cytec Fiberite Results for PETI-8 Bonding 
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♦ Resins for transfer molding or infusion processing 
• POC - Paul M. Hergenrother, NASA LaRC 
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Accomplishments, ATP with E-Beam Cure 
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♦ Products/ Benefits/Payoff: 

• Validate the cause of low performance in 
E-beam cured graphite/epoxy composites 
and investigate methods for improving 
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Overview of TPS tasks 
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♦ Quick Processed, Low Cost Erosion Resistant TPS 
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♦ Quick Processed, Low Cost Erosion Resistant TPS 
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Quick Processed, Low Cost, Erosion Resistant TPS 
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Future Plans: Continue extending the temperature capability of the materials reduce the labor required 
to produce these materials. 
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Quick Processed, Low Cost, Erosion Resistant TPS 

Technical Accomplishment 
Higher Temperature Capability Tile Leading Edge 
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3rd Gen Airframe/TPS: 

Thermal Protection Systems 


Quick Processed, Low Cost, Erosion Resistant TPS 

Technical Accomplishment 
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Surface Laser Measurement Tool 
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Advanced High Temperature Structural Seals 

Technology goals and objectives 

• Development and testing of advanced high temperature structural 
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Advanced High Temperature Structural Seals 

Major accomplishments (continued) 
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